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REVIEW OP LITERATURE UPON SEPARATION OF ANTIMONY AND TIN.
The separation of antimony and tin is one of the
important and also one of the most difficult problems of
analytical chemistry. The importance of this separation,
aside from purely scientific interest, lies in the extended
use of these two metals in engineering alloys.
Although many methods for the separation of these
metals have been proposed, only a few possess the accuracy of
a quantative method; The inaccuracies may be attributed to
two causes, namely, the principle involved is inherently wrong,
or that the theoretical aspects of the problem have not been
carefully studied. A brief discussion of the methods in gener-
al use may not be without interest.
Brearley and Ibbotson-^ recommended that the solution
containing thestannic and antiraonic chloride be divided into
two parts, in one of which the tin is determined by reduction
with powdered antimony and titration with iodine, in the other
the antimony is determined by reduction with potassium iodide
or sulphur dioxide and titrated with standard iodine solution.
From the data given an accuracy of not more than 0.3!^^ can be
expected.
F. Wi. Clarke's^ method as modified by Henz is perhaps
the most accurate. It depends upon the fact that in an oxalic
acid solution, antimony is completely precipitated as sulphide
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by hydrogen sulphide, while stannic salts are not. Good results
may be obtained with this method, but it is a rather tedious one.
H. Rose bases a separation on the facts that sodium
antimonate is insoluble, and sodium stannate is soluble in
dilute alcohol. If considerable amounts of tin be present, it is
necessary to repeat the separation several times. This together
with the precipitate of sodium antimonate which is difficult
to filter, makes the method an undesirable one.
5Andrews separates antimony and tin in alloys by
treating the alloy with potassium iodide and hydrochloric acid;
the antimony not dissolving, while ths tin goes into solution.
An accuracy of not more than 0,2'f in the case of antimony and
0,4% in the case of tin may be expected.
p.
According to Schmidt and Meyer, antimony may be separ-(
ated from tin in an acid solution, by treatment with metallic
iron. There is no data given by which the accuracy of the method
can be judged, 'and the method has not come into general use.
7
G. Vortmann and A. Metzl state that antimony can
be completely precipitated from a solution containing water,
phosphoric acid and concentrated hydrochloric acid in the following
ratio by volume: 50 : 60 : 20, respectively. Cohen and Morgan!^
have shown that the method is quantitative only under certain
narrowly defined limits, and that nitric acid must be absent.
The tin cannot be determined by any simple process.
gPanajotow bases a separation on the facts that
antimony can be 'completely precipitated as the sulphide from
r/otrr
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3a solution containing 15^ hydrochloric acid, and that stannic
sulphide is not precipitated under these conditions. From the
data given an accuracy of not more than 0,17^ in the case of
antimony and 0,2% in the case of tin can be expected. Howevey
the analyses given do not cover a sufficient range to warrant
a statement as the general application of the method.
9
A method proposed by L. Vi. McCay depends upon the
insolubility of antimony sulphide and the solubility of
stannic sulphide in a solution containing hydrochloric acid.
The analyses given indicate an accuracy of about 0.3f in the
case of antimony and O.lGf in the case of tin.
According to A, Czerwek'^^, stannic tin may be
separated from antimony in a nitric acid solution by means
of phosphoric acid. A double compound of tin and phosphoric
acid is formed which is insoluble in water and nitric acid.
Cohen and Morgan" have shown that this method is only suit-
able for alloys of tin and antimony, it yields gooc icsults
for tin, but is quite untrustworthy for antimony.
Antimony can be deposited from a solution of the
11
sodium sulpho antimonate by means of the electric current,
tin is not deposited under these conditions. This is the
bases of a method for the separation of these two metals,
which gives very good results with careful manipulation.
Prom this review the importance of a thorough study
of some of the* methods previously proposed, or the developeraeAt
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4of a new method which will be generally applicable, accurate,
and simple is evident. The former will be pursued in this
investigation. The method chosen is that originally proposed
12
by Lovitan
,
which is based on the facts that antimony
sulphide is less soluble in a hydrochloric acid solution than
stannic sulphide.
After this investigation had been planned, Panajotow
publishe4 as he stated, a new method based on the same facts.
However, since he did not^ apparently determine the limits of
acid concentration at which antimony trisulphide is practically
completely precipitated, and at which the stannic sulphide
begins to be precipitated; and since he did not consider the
physico-chemical phases of the problem, it was decided to
continue the investigation as originally intended.
THEORETICAL CONSIDERATIONS OF METHOD AND
THE VOLUWiETRIC DETERMINATION OF ANTIi/iONY.
If hydrogen sulphide be conducted into a solution
of an antimonous salt the follov/ing reaction will take place:
(a) 2Sf» 3H^S = Sb £
-f- 6H^ and if into a stannic
<_ «
salt,
(b)Sn'*:-^ 2H2S = SnS^-f- 4h:
Both of these reactions are reversible, the degree to
which they will proceed are indicated by the following
equations, for a*ntimony,
LXarti- ?1 nsBcrfo
^1 hi 6 i)f
naia a oSn
5(1) = a constant, and
(Sn ^ (H^s)'
(2) = a constant for tin; which
if an excess of the sulphide be present reduces to
(Sb)^ (HgS)^
) = a constant, and
(Sn ) (HoS)
(4)
= a constant.
.^4
From these equations it is seen that the antimony
and tin content of a solution containing hydrogen sulphide
is a function of the hydrogen sulphide and the hydrogen
ion concentration. Since hydrogen sulphide is a very
weak acid, the effect of the hydrogen ions upon its solubility
will be slight, the equation then reducing to
(Sb) = (ll)"x a constant, and
(Sn) = (H)^/a constant, in a saturated solution
of H2S, or that the solubility of the antimony and tin
sulphides is a function of the hydrogen ion concentration
of the solution.
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6The problem then resolves itself into the de erminat-
ion of the hydrogen ion concentration at which the antimony
is practically completely precipitated and tin sulphide does
not exceed its solubility. From the solubility of the
sulphides these limits can be calculated, however the solu-
bility of stannic sulphide has not been determined and
altho Weigel^^ has determined the solubility of antimony
trisulphide, his work seems to vary so much from the work
of Buiner and Zawadski that it was thought best not to
take this value.
The solubilities of the two sulphides are to be
determined and this phase of the question considered in
another paper.
This paper will include only the experimental work
in determining the limits of acid concentration at which the
antimony is completely precipitated, and the tin is not
precipitated by hydrogen sulphide.
DETL*vkINATION OF ANTIiiONY.
Before attempting an investigation of this kind
it is necessary to have an accurate method for the determinat-
ion of the substances in question.
The determination of antimony as sulphide is the most
accurate gravimetric method, however according to Treadwell
and Hall, Analytical Chemistry, II, p. 160, the precipitate
230^ biiqiea ni* ^nr. at i r H-^t^ ^J^'^^J^ ^'TR'C>p v f ''h-^ Most
iiiou-lji- ji/joa
-J/1) 13 jniiiii'jiao a^i i ortJi.
. H7iav tili* •
ion ai ni la ,5^J^iiqiooi ii ip<
.i .^A ^0 4.
7is to be considered at constant weight if two successive weights
do not differ more than 1/2 mgra.,— an accuracy hardly
sufficient for this investigation.
The volumetric determination of antimony
by the oxidation of antimonous acid to antimonic acid with
iodine, can be made accurate.
If iodine be added to a solution containing antimony
in the "ous" state, the following reaction may be assumed to tali
take place:
va) H^SbO^-h I^"i'H20 = H;7Sb04+- 2h*'t Zl'
In order to cause the reaction to proceed quant-
itatively from left to right it is necessary either to increase
the concentration of one of the left members of the equation
or to decrease the concentration of one of the righi
members of the equation. Evidently the only practical way
would be to decrease the hydrogen ion concentration.
The easiest way to do this would be to add a base.
But here the difficulty presents itself that iodine reacts
with hydroxyl ion as follows
(b) 0H"+ i^- = HIO -hrr.
(c) 60H' +- ?IJ= 10^ + 8 ^"-t^HgO -
Thus the hydrogen -n will have an upper limit
depending upon the degree of completeness desired in reaction
(a) when proceeding from left to right, and a lower limit
i - V'
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8which will depend upon the eouilibria in resBtions (b) and (c).
In order to determine this the following constants must be
known, for
(H^SbO ) (H-)^ (I")
=
—1:
_
for the upper
(H_SbO,) (I,-)
limit and
and
for the lower limit.
Data for the calculation of K is not available.
1
However, a calculation of K2 and K,^ will give the lower limit,
IT
This has been done by i^ashbum who found that the hydrogen
ion concentration should not be less than 10 " moles per
liter in order to attain an accuracy 01 0,01^.
It seems reasonable to assume that if the hydrogen
ion concentration does not exceed 10"^ moles per liter, it
will bo well within the upper limit. This can be maintainrd
by the salt of a weak acid (or base) together with an excess oflb
the acid (or base). Several such salts could be used,
perhaps the best is Na2HP04, the acid HoPO" having an
K2 =.
(I©.- ) (I-)-\3
K.
(HIO)
(OH") d^")
.
f (ijp I iKVi5 toft b1 not *
[ ,0 a '» I I'^t'^. .ton
97 1"^ionization constant of 2 x 10 , According to Washburn
in order to keep the hydrogen ion concentration at 10
.12 IioO
it is necessary to add 11 gms. of Na^HPO^ for every 100
cubic centimeters ti/lO Irj added to a solution whose final
volume is 250 cubic centimeters.
The details of the manipulation and the results
obtained by the use of this method will be given later.
DETEKMINATION OP TIN
Tin was determined by precipitating as the sulphide
and igniting to the oxide; this is the most accurate and simple
method for the determination of tin. The details of manipul-
ation are given later.
EXPERIMENTAL DETERMINATION OP LIMIT OP ACID CONCENTRATION
AT WHICH STANNIC SULPHIDE IS NOT PRECIPITATED.
Stannic sulphide is considerably more insoluble than
stannous sulphide, and since it is rather difficult to prevent
oxidation of stannous salts to the stannic state, the limits
of acid concrntration at which stannic sulphide is completely
precipitated was determined
1. At Room Temperature.
Materials used:
A stannic chloride solution containing 0.01 gram
of tin per cubic crntimeter and sufficient hydrochloric acid
ten
I .io O'^
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to prevent hydrolysis. The stannic chloride was prepared by
the distillation of the" chemically pure" anhydrous salt.
Concentrated hydrochloric acid of 1.19 specific gravity
was used. Each c.c. of this aiid contained 0.435 gram hydrogen
chloride
.
Method of proceedure:
The hydrochlorf^^Sontent, the total volume of the
solution in question and the length of time which hydrogen sulph-
ide was passed through it are indicated in the accompanying
table. A covered beaker was used in each case. The increase
in acid concentration due to the evaporization of the water is
negligible.
Table I.
Sample
.
c.c.
SnCl^ Sol. c
Total HCl.
,c.HCl,1.19
Vol. of
Sol.
Time of
Passing
(min.
)
Results
.
1 15 12.5 50 15 Heavy ppt.
2 15 15.5 50 15 ppt.
3 15 16.5 50 15 Light ppt.
4 15 16.6 50 15 Light ppt.
5 15 16.7 50 ^0 No ppt.
6 15 16.8 50 ?0 No ppt.
The above shows that stannic sulphide is not precipit-
ated by hydrogen sulphide from a solution containing 16.7 c.c.
hydrochloric acid, specific gravity 1.19, per 50 c.c. of solution
or expressed in percentage, from a 17.2% hydrochloric acid sol-
an-*
0'?
:
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ution.
DETLRlvilNATION OF LIMIT OF ACID CONCENTRATION AT WHICH
ANTIMONY TR ISULPHIDE IS COMPLETELY PRECIPITATED.
1. Room Temperature.
Materials used:
The antimony solution was prepared from redistilled
antimony tri-chloride , each cubic centimeter of the solution con-
tained approximately 0.01 grams of antimony. A known amount of
acid was added to prevent the precipitation of antimony oxychlor-
ide.
The hydrochloric acid solution was the same as the
preceeding.
Method of Proceedure:
The hydrogen sulphide was conducted into the solution
for thirty minutes; the precipitate filtered off, the filtrate
diluted with water and hydrogen sulphide again passed into it.
A trace of antimony in the filtrate will give a characteristic
brown tint.
Table II.
No. Of
Sample
.
C.C. SbCl,:^
Sol.
Total HCl.
c.c.KCl,1.19
Vol. of
Sol.
Results
.
1 20 ?5.8 100 Precipitation
2 20 ?6.3 100 n
3 20 36.8 100 H
4 20 37.3 100 tt
5 20* 37.8 100
5fLa
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6 20. ?8.3 100 Very slight color in
filtrate.
7 20 39,3 100 Pronounced color in
filtrate.
Prom this it is seen that antimony is practically com-
pletely precipitate' by hydrogen sulphide from a solution con-
taining 37.8 c.c, 1. 19 Sp. G. hydrochlorie acid per 100 c.c. of
solution, or expressed in percentage, 15.3^ solution.
There is thus a difference of 4.4 c.c. HCl (1.19) per
100 c.c. of solution between the limits at which tin is not pre-
cipitated and antimony is practically completely precipitated.
An attempt was made to effect a separation of antimony
and tin based upon the above. The amounts taken were as follows:
No, Grams SbClj Grams SnCl/j Total HCl. Voliime,
Sol. " Sol. c.c. Sp.G, 1.19 c.c.
1 15.600 16.325 51.6 150
2 16.145 12.260 51.6 150
The precipitate formed was finely divided and very
difficult to filter. It was thought that in determining the acid
limit of stannic sulphide in the first case above, the sulphide
may have been in a state of unstable equilibrium and was there-
fore not precipitated; and that in the presence of antimony sulph-
ide a state of stable equilibrium was reached, the stannic sulph ide
precipitating. In order to determine if this was the case, fresh-
ly prepared stannic sulphide was added to the filtrate; it dissolv-
ed immediately.
The experiment was repeated and identically the same
•s ..J. V,.
f ^ .'f 000. ; :
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results were obtained. Being unable to fathom this phenomena,
at this time, and since such a precipitate is practically worth-
less from an analytical point of view, the separation was attempt
ed at a higher temperature. The temperature chosen was 90 degree
DETERMINATION OP LIMIT OF ACID CONCENTRATION AT WHICH
STANNIC SULPHIDE IS PRECIPITATED AT 90 DEGREES.
The materials were the saiiie as in the case above.
Method of Proceedure:
The solution was placed in a 100 C.C. Erlenmeyer flask,
the contents heated to 90-'55 degrees (a water bath can be regulat
ed to do this) and the air displaced from the flask by passing
hydrogen sulphide thru it for five minutes; the flask was then
closed and the absorption of gas permitted for ten minutes. In
cases in which the proceedure deviated from the above method, a
note was made of the fact. The results are given in table IV.
Table IV.
No. C.C. SnCl^ HCl Content. Vol. Remarks.
Sol. c.c.HCl,1.19,
1 20 10.66 58 Partially precipitated after
five minutes; upon continued
2 20 10,66 57 heating aheavy precipitate
came down
.
3 20 10.66 56.5 Same in both cases.
4 20 10.66 55.5 No ppt; very slight opalet-
cence looked like ppted.
sulphur.
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Thus it is seen that stannic sulphide is not precipitated
by hydrogen sulphide from hydrochloric acid solution containing
10,66 c.c. HCl per 55.5 c.c, of solution (specific gravity 1.19)
or a 8. If hydrochloric acid solution.
DETERMINATION OF ACID LIMIT AT WHICH ANTIMONY IS COMPLETL-
i^i PREoIPIiATEu AS 6ULPHIDE AT 90 ^EGREES.
The same materials were used as in previous determination of the
limit of acid concentration at which antimony trisulphide is
Method of Proceedure: completely precipitated
The antimony tri-sulphide was precipitated in the same
manner as the stannic sulphide in the proceeding case. The precip-
itate was filtered off, the filtrate diluted and tested for anti-
mony with hydrogen sulphide. The results are given in Table f.
No. SbC;^ Sol,
c'.c.
20
Table V.
Total HCl Volume of
Concentration Solution,
c.c., 1 . 19 • C.C.
Results
.
10.96 5J
20
20
4 20
5 20
6 20
10.96
10.96
10.96
10.96
10.96
53
•=4
55
Incomplete precipitation at
first. Precipitate .was red-
dish-yellow, th^*n^cnanged
into a black, dense variety
Almost completely converted
into black variety upon
standing upon water bath
for 30 minutes.
Incomplete
.
Very slight test for
antimony in filtrate.
55.25 Paint test for antimony in
filtrate
.
55.50 No test for ditto.
lV9-iq Hi
From the above it is seen that antimony trisulphide is
completely precipitated by hydrogen sulphide from solutions
containing 10.96 c.c. HCl, specific gravity 1.19 per 55.5 c.c.
solution, or 3,2 % solution.
Upon comparing tables I
^nd -^^ ^'^'^
seen that the solubility of antimony trisulphide increases more
rapidly than stannic sulphide with rise of temperature. This may o
be due in part to the black variety formed at this temperature.
From several observations it seems that the temperature at which
the reddish sulphide is converted into the black variety lies
between 75 and 90 degrees. It would be interesting to study the
temperature of transformation and equilibria between the various
sulphides of antimony.
Although this is a very narrow margin within which to
effect 8 separation, the following experiments were conducted in
an attempt to do so. The precipitation was conducted in the same
manner as in the cases of the precipitation of the antimony
above. The amounts taken etc. are identical in each case.
Experiment I,
c.c. SbCl c.c. SnCl HCl (1.19) Total Vol.
Solution.^ Solution. 4 10.96 55.5
20 20
The antimony sulphide did not coagulate nor settle,
upon attempting to filter it, a clear filtrate could not be obtain-
ed. »
Experiment II. ^
c,c. SbCl^ Sol. c.c. SnCl^Sol. c.c, KC1(1.19) Total Vol
2" 20 10.96 -s.^..^
.?^ . . . , . -<iatnoo
? . 'O ^rroiiuloa
fi ju Dii.;o* f>Jiii *J >ci
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Same results as Experiment I,
Experiment III.
c.c. SbCl^ c.c. SnCl c.c. HCl(1.19). Total Volume.
Solution'. Solution.^ c.c.
20 20 10.96 f5.5
To this solution was added 5 c.c. of a 25^ tartaric
acid solution, 0.95c.c. HCl(1.19) and the mixture treated with
hydrogen sulphide. A greenish precipitate was obtained which
settled fairly well. Upon filtering this off, dissolving it in
concentrated hydrochloric acid and testing for tin with metallic
iron and mercuric chloride a slight turbidity was obtaibed.
Experiment IV.
c.c. SbCl^ c.c. SnCl c.c. HCl(1.19). Total Volume.
Solution.'^ Solution."^
20 20 21.9 110
The preBipitate obtained in this case was heated upon
the water bath for some time, and the same results were obtained
as in experiments I and II.
Failing to get a satisfactory precipitate in this way,
the effect of bubbling the H2S thru the solution was next studied.
It was hoped that the mechanical agitation due to this would cause
the precipitate of antimony trisulphide to coagulate and settle.
The precipitation was performed in an Erlenmeyer flask provided
with a three holed stopper(rubber ) , in one hole of which was
placed a thermometer, in the second a delivery tube for hydrogen
sulphide and in the remaining one an air-cooled condenser, two
feet long. The ^solution was heated to 90-95 degrees, hydrogen
sulphide passed through for thirty ninutes and the flask heated
91 J 1/8 ST aril bni* o^l ff
t « t
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for some time at this temperature. The following results were
obtained:
Experiment V.
c,c. SbCl;7,Sol. C.C. HC1(1.19)
20 21,9
Precipitation complete.
Kxperiment VI.
Total Volume c.c.
110
c.c. SnOl Sol. c.c. HC1(1.19)
4
Total Volume c.c.
11020 21.9
No precipitate.
Experiment VII.
c.c. £bClj5 Sol. c.c. SnCl^ Sol. O.c. HGl(1.19) Total Volume c.c.
20 20 21.9 110
The precipitate of antimony trisulphide settled fairly
well, however it was very difficult to filter off;a Shimer
funnel was used. The antimony content was determined iodo-
metrically; the following results being obtained;
c,c. N/10 Ig c.c. N/10 I,
Required. Used.
$ Error.
29.23 27.10 7.3
Evidently an inaccuracy very much too large; this togethe
with the extreme difficulty of filtering off the sulphide, formed
under these conditions, made necessary a further investigation
with the object of obtaining an easily filterable precipitate.
It had been observed in some of the preliminarjt experi-
ments that in a concentrated hydrochloric acid solution, antimony
10 9iss
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was precipitated as a crystalline sulphide which was deep red
when precipitated from cold and black when precipitated from hot
solution. The following experiment was performed in the hope
of obtaining an easily filterable sulphide, by precipitating
most of the antimony in a concentrated hydrochloric acid solution,
diluting this to such an acid concentration that the stannic
sulphide would not be precipitated and the \inprecipi tated antimony
would be completely precipitated. The follorwing amounts were
taken:
c.c. SbCl^ Sol. O.c. SnCl^ Sol, c.c, HC1(1.19) Final Sol.
20 20 21.9 110
The antimony trisulphide was precipitated in a finely
divided, difficultly settling form. Upon diluting the solution
to 110 c.c, a yellowish precipitate was obtained which looked
very much like a mixture of stannic and antiraonous sulphides;
heating upon the water bath converted this into a greenish
brown precipitate. A good test for tin was obtained upon filtering
and testing the filtrate with metallic iron and mercuric chloride,
(it is probable that this greenish brown precipitate may have
been caused by the reduction of some of the tin.;
With such results as these it seemed useless to
continue the investigation in this manner.
As previously mentioned the solubility of antimonous
sulphide increases more rapidly wijch rising temperature than the
solubility of s.tannic sulphide; with this in mind an attempt was
made to effect the separation at a lower temperature, but one
r
•
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which would have considerable effect upon the coagulation of
the precipitate of antimony trisulphide. The temperature chosen
was 602y> degrees.
Method of Proceedure.
Since it would not be practical to keep the liquid at
this temperature thruout the filtration, the process used was to
heat the solution in a covered beaker to 60^ 5 degrees; treat
it with a rapid stream of hydrogen sulphide for thirty minutes,
cool to room temperature and pass in hydrogen sulphide for ten
minutes longer in order to precipitate the unprecipitated anti-
mony trisulphide. At this tempera tvr*^ the concentration of the
acid in the solution will increase considerable due to the
evaporationof the water. It is therefore necessary to determine
the concentration of acid at which the antimony is completely
precipitated uxider tnese conditions. ihe filtrate was tested for
antimony as in the other cases, in thi^: and subsequent experiments
a tartar emetic solution containing 0,01 grams of antimony per
c.c. was used. Such a solution is much easier to prepare and
answers the purpose equally well, the results are given below:
Table VI.
c.c. HCL(1.19) Total Vol. Results,
c.c.
75.6 200 Precipitated almost
completely. Avery
faint coloration
was obtained in
filtrate.
75.1 200 Same as above.
No. Tartar Emetic
Solution c.c.
1 25
26
i -JO
.o.c
n
20
Table VI, (Cont.
)
5 25 74.5 200 Very slight test
for antimony in
filtrate.
4 26 ;74.0 200 Same as above.
5 26 73.5 200 Very faint coloration
upon testing. filtrate
6 25 73.0 200 Precipitate complete.
7 .05 7?. 5 200
From the above it is seen that antimony is completely
precipitated under these conditions when there is 73.0 c,c. HCl
per 200 c.c. of solution or a solution of 15. f^. Upon comparing
need
these results with table I it is evident that there^be no fear
^precipitation of stannic sulpiiide in a solution of hi\ls con-
centration
.
Txeasiaring, etc,
In order to allow for any error in^^an acid concentration
of 7r: c.c. KC1(1.19) per 20C c.c. of solution or an acid strength
of 14,
'7f was chosen as the concentration tc use.
The fo ' lowinf5 expei iment was perforraed, the alDove acid
concentrationfl4
.7^ )being used.
Experiment I
Crams Grans
£nCl^ Sol. Tartar Lr.ietic
£01.
17.246 12.29"!.
13. 77^ 14.526
Tl::e precipitate of antimony trisulphide did nQtsettle
and could not "oq filtered off. Upon adding hydrochloric acid
to the above mixtures a slight turbidity was observed, thinking
that perhaps this may have had some influence upon the precipitat-
( . ; <
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ion of antimony thv following experinentc weie prrfoixird.
Experiment II,
Tartar Lmetic c.c. KGl. Total Volume
Col. C,C.
2f 72 200
Ko turbidity v/as observed,
Lxperinent III.
c.c. SnCl4Sol. o.c, iiCl. Total Volijuiie.
25 72 200
A slight turbidity v-liich increased upon standing.
Kxperiaent iV,
c.c, SnCl^Sol. CO. HCl. Total Volume,
25 72 200
A slight turbidity which increased upon passing
hydrogen sulphide through the solution,
l.xperinent V.
c.c. mn Lcl, c.c. I 01(1. IP) Total Volume.
25 72 200
A slight turbidity which increased upon bubbling
air thru the solution.
Experiment VI
.
c.c. SnCl Sol. c.c. KC1(1.19) Total Volume.
25 72 200
A slight turbidity v/hich increased greatly upon
allowing the solution to stand; upon dilution with water this
dissolved ahd reprecipitated upon the addition of hydrochloric
acid.
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Experiment VII.
In this case the hydrate SnCl^.? lUO was substituted
for the stannic chloride solution,
Gm. SnCl^.? HgO, c.c. HCl. Total Volume.
Solid.
0.5 72 200
There was observed no turbidity whatever upon standing.
The stannic chloride solution used in Experiments I to
VI inclusive had been prepared some three months. A fresh
solution of stannic chloride was prepared from the same material
as the first solution, no turbidity was observed upon treating
this with hydrochloric acid as in the above. Upon adding hydro-
chloric acid to the solution a month later a turbidity was
obtained, however not i^o marked as in the first case. A solution
prepared from the hydrate and allowed to stand for the same length
of time, was not affected by the addition of hydrochloric acid.
This singular behavior can be explained, probably, in
only one way, namely that o slow reaction is taking place in the
solution. This may be a metamoipnic one, hydration or formation
of a chlorstannic acid; in either of these the addition of
hydrochloric acid might cause a precipitation due to the common
ion effect. It would be interesting to determine the ratio
of chlorine to tin in this compound and also determine if the
electrical conductivity of the solution changed with time.
Why this precipitation is produced in a solution made from the an-
hydrous salt and not from one prepared with the hydrate, is a
question.
^ rroqu u-^v : ^iibi
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A solution of stannic chloride was prepared from the
hydrate and used in all subsequent experiments. The concentration
of this solution was approximately the same as the first tin solutinn*
The following experiment was performed:
Experiment VIII.
Tartar Emetic SnCl Sol. HCl c.C, Total Volume.
Sol. c.c. CTC, Sp.G.1,19
26 26 72 200
At first the antimony precipitated in a yellowish form
which did not coagulate nor settle, then the precipitate gradually
changed to a reddish color after which it coagulated and settled
nicely. The precipitate could be filtered off and washed easily.
No turbidity was observed upon testing this precipitate for tin
with metallic iron and mercuric chloride, however, this test for
tin is not of sufficient delicacy to detect traces of tin occluded
by the precipitate of antimony trisulphide. Quantitative analysis
alone will show this. For this the proceedure was as follows:
The solution of antimony chloride and of stannic chloride
were weighed into 400 c.c. Jena beakers and to this was added
water and hydrochloric arid in sufficient quantities to make the
desired volume contain 14 .7^01
.
A thermemeter was inserted in the beaker, the latter
placed on the steam bath and heated to 60!t 5 degrees; and a rapid
stream of hydrogen sulphide then passed thru the solution until
the precipitate v/as well coagulated and had settled nicely. The
beaker was then 'removed from the bath, cooled to room temperature,
and treatec with hydrogen sulphide a second time, for 5-10 minutes.
»» in
.A. » ..
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The precipitate was filtered off and well washed with a 14 »7%
hydrochloric acid solution saturated with hydrogen sulphide.
The antimony was determined as follows: As much of the
precipitate of antimony trisulphide as possible was transferred from
the filter paper to a 500 c.c. Erlenmeyer flask, the precipitate
remaining upon the filter paper dissolved in a
^f- KOH solution
and added to the flask. (Filter paper treated in this manner will
not effect the titration with I^.) Sufficient hydrochloric acid
waE added to dissolve the precipitate upon warming, arid the hydrogen
sulphide driven off by passing a rapid stream of carbon dioxide thru
the hot solution. At this point about 1/2 gm. potassium iodide
was added order to reduce any antimony' which had become
oxidized. The flask was cooled, and 15 c.c, of tartaric acid
added. A few drops of phenolpb thalein were also added and the
excess acid almost completely neutralized with NaOH and again
cooled. The cooled solution was then titrated with standard
iodine with starch as an indicator to a blue color, and the required
amount of standard Kao tion added from time to time from
a burrette. The color was discharged by the addition of standard
tartar emetic solution, the contents of the flask diluted to
approximately 250 c.c. and the titration completed by the cautious
addition of the iodine solution.
The tartar emetic solution was standardized as above,
with the exception that the antimony was not precipitated as the
sulphide. The following results were obtained:
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Sample ioSolution
gms . c . c
•
10.095 20.4? 1 gu, tartar eiaetio solution= 2.02< c.c. 1 3ol
24.3^0 29.07 1 gci. tar.tar emetic i3olution= 2.025 c.c. "
The iodine solution used was staadardized aj;ainst a SDdim
thiosulphate solution which had been standardized with a solution of
potassiura pei-i^.ttr^fcrate of known concentration. The normality of the
iodine was found to be 0.09607.
A slight excess of ammonia was added to the filtrate con-
taining the tin; . the solution heated and hydrogen sulphice passed
into it for a short tine. Hydrochloric acid was then added in slight
excess. Tin sulphide precipitated in this way coagulated well
and was easy to filter. The stannic sulphide was washed free from
chlorides with water containing a little ammonium nitrate and the
precipitate ignited without previous drying. Thr- stannic chloride
solution was standardized by precipitation as the hydroxide with
ammonia and ammonium nitrate according to the method given in
Treadwell and Hall, Vol. II, p. 174, and also as the sulphide
according to the method given on page 175 of the same work, with
the exception that the precipitate was ignited wet. Identical result
were obtained in the two cases. 1 gram solution = 0,0841 gram Sn.
The following series were analysed according to the above
scheme.
(ft ci 1} J«w a
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Antimony Tin.
Sb. Taken. Sb. Found . Dif. Sn Taken. Sn Found. Dif.
gn. gm. in
ng. of
Sb.
gm. gm. xn
mg. of
Sb.
1 0.2344 0.2340 -0.4 0,1533 lost
2 0.2244 0.2237 -©.7 0.0311 0.0303 -0.8
0.0758 0.0755 -0.3 0.0475 0.0474 -0.1
4 0.25S4 u . 2521 1.3 0.0775 0.0797 2.2
5 0.1152 0.1152 2.0 0.1829 0.1828 -0.1
DISCUSSION OF RESULTS.
Although the results do not agree as well as desired,
yet they probably agree as well as could be expected from the
first trial of the method. The antimony results are Ion. This
of course may be due to three causes; either the antimony is not
completely precipitated, or there is a loss by volatilization of
the chloride in the dissolving ofthe sulphides, or the antimony
becomes partially oxidized and is not completely reduced by the
KI, It hardly seems probable that the antimony is not complete-
ly precipitated. if this was the case, the tin would probably
be high, however, not necessarily so, for antimony trisulphide
and trioxide are somewhat volatile. The sou. cc of error is
probably due to either the volatilization ol the chloride or
incomplete reduction. In order to determine this a critical
study of the determination is necessary. V»ith the exception of
4, the tin
^
results are too low. This may be due to the *
occlusion of the tin by antimony sulphide, precipitation of the
.0-
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stannic sulphide with^ antimony, or the incomplete precipitation of
the sulphide in thedde termination of tin in the filtrate. Of these
sources of error, the occluFion seems to be the most probable one;
in order to determine this a critical study will oe necessary. If
occlusion should prove to be thecause , this could be decreased by
by double precipitation or by effecting the separation in more
dilute solutions.
From the results above it seems very probable that after
a thorough study of the sources of error in this method, it will
become an accurate and simple one for the separation of antimony
in the '*ous" condition from tin in the "ous** or "ic" condition.
There could hardly be a more simple method; there are no precipitat
which are difficult to filter off or wash free from imputities; no
difficultly kept reagents are necessary nor the addition of any
substance which prevents a simple determination of the tin. The
method is fairly rapid. The antimony can be precipitate*, filtered
from the tin, and determined within an hour and a quarter. The
effect of antimony being in the **ic" condition has not been
studied. If this should be deleterious to the method the antimony
could be easily reduced to the "ous** condition by potassium
iodide or sulphurous acid in acid solution. The application of
this method for the analyses of alloys will be taken up in a later
investigation.
. n
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